Hydroxyapatite stands out between biomaterials due to its properties of osteoconduction and osteoinduction, being adequate to be used in bone grafts. The high stability and flexibility of the structure allows for several biomedical applications, for example, the use as polysaccharide based on the scaffold formulations and the cationic substitutions occurring through the doping of the material using metals, which may enhance biological characteristics, such as improving the action of combating bacterial infections in situ. This study was a research of articles and patents, without and with time restriction (2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017), which contain information about hydroxyapatite in the tissue engineering, biomedical, doped with cerium and its properties of antibacterial activity.
Introduction
Tissue bioengineering is the science that involves the applications of engineering and health sciences to assist and accelerate the regeneration of defective and damaged tissues in the human body. It aims to create and improve new therapies and to develop new biomaterials that can be used to restore, improve, or prevent worsening of compromised tissue function such as in situations with the loss of tissue integrity resulting from trauma, developmental deformities and diseases [1, 2] .
In the case of loss or compromise of the bone tissue, several natural or synthetic biomaterials such as polymers, ceramics, and metals or their composites have been investigated and used as a substitution alternative in different ways. The main alternative for damaged or lost bone tissue replacement is the autogenous bone graft. This is the first alternative to be used for the regeneration of the bone tissue due to its osteogenic properties [3] .
However, grafts have limited the availability due to the need for surgical procedures with possible local infections, rejection by the transplanted organism, and progressive reabsorptions of the material. As a result, scientific research is developing new biomaterials for its replacement. Synthetic grafts can be an interesting alternative, due to intrinsic characteristics such as biocompatibility and chemical similarity with the bone tissues of living beings, allied with their properties of osteoconduction and osteoinduction [4] [5] [6] [7] [8] .
Bioceramics is the class of ceramics used for repair and replacement of diseased and damaged parts of musculoskeletal systems. They are the most widely used materials in the class of traumas such as calcium phosphates, hydroxyapatite (HAp) (Ca 10 (PO 4 ) 6 (OH) 2 ), octacalciumphosphate (Ca 8 H 2 (PO 4 ) 6 .5H 2 O), calcium pyrophosphate dihydrate (Ca 2 P 2 O 7 .2H 2 O), and β-tricalcium phosphate (Ca 3 (PO 4 ) 2 ) [9] . Calcium phosphates are classified according to a molar ratio of calcium and phosphorus Ca/P ranging from 0.5 to 2.0. HAp is the most widely used component in biomedical applications for phosphates and is the main component of the bone and is known for its excellent cellular and tissue affinity. HAp is widely used in tissue regeneration and biomedical applications in the form of coatings on metal implants, bone and nerve tissue graft production, drug release agents, wound protection, cell culture substrates, enzymatic immobilization, bone prosthesis or graft coatings, due to their excellent biocompatibility, osteoconduction property, and similarity with the inorganic component of the natural bone [10] [11] [12] .
The combination of biodegradable polymers and bioactive inorganic materials ultimately improves the mechanical properties, biocompatibility, and cellular affinities of individual components [17] .
Biocomposites based on natural biopolymers are being studied and associated with HAp due to the biocompatible and biodegradable behavior of some of these natural polymers. This new generation of biomaterials combines with bioactive properties that resemble the natural function of bone, triggering tissue regeneration mechanisms in vivo [18, 19] . Biocomposites HAp-biopolymers that often closely resemble the position and structure of mineralized tissues provide excellent mechanical properties and favorable biological properties, proving to be an ideal candidate for tissue engineering as well as orthopedic and dental applications [20] .
Anionic polysaccharides, such as alginate, hyaluronic acid, silk fibroin, cellulose and natural gums, and others, such as chitosan, are excellent alternatives for improving the biocompatibility of HAp when it is in association. These biocomposites are potential models for the mineralization of HAp because its anionic surface can bind the Ca 2+ ions, besides controlling the nucleation and the growth of the crystal reduce the interfacial energy between the crystal and the surface. Several materials composed of HAp can be prepared using polysaccharides in the form of scaffolds for biomedical applications and bone tissue engineering [20, 21] .
Many surgical procedures involve the formation of a chemical interface of the biomaterial/ bone type and, consequently, the biological fixation, which the living bone structure penetrates the free space of the biomaterial, causing the permanent fixation of the bone. However, these procedures may lead to problems of bacterial infections that are difficult to control during the postoperative period, and consequently, the excessive use of antibiotics may not provide sufficient protection, causing the loss of bone material and generating resistant strains of bacteria, which are difficult to treat [22] [23] [24] . The defense mechanisms activated by the immune system can be reinforced through the introduction of antibacterial agents that have biological interaction with the biomaterial. One of the alternatives is the substitution capacity of HAp ions by doping, and these ions have antibacterial properties: silver (Ag ), and so on [25] [26] [27] [28] .
The sites that have the ions that compose Hap (Ca 2+ , PO 4 2− , OH − ) can be occupied by ions of similar size and charge. This ability to incorporate ions through the doping is an alternative that is based on the fact that the introduction of small amounts of some ions can cause changes that improve the biological, physical-chemical, mechanical, and antimicrobial properties of the material [26, [29] [30] [31] [32] [33] . Thus, this study aims to present a search for articles and patent of technological inventions, which include information about hydroxyapatite in relation to its applications in the field of tissue engineering and doping with cerium ion for biomedical applications.
This work was conducted with the help of scientific articles and technological innovation patents and products present in the market. The articles in the SCOPUS database were used, and the keywords used were as follows: hydroxyapatite, scaffold, polysaccharide, doped, cerium, and antimicrobial activity. These keywords were combined with each other, and quotation marks were used for searching compound words. Searches for products and companies were done by using search engines (Google, Bing, Yahoo, Bing, and Ask), and the keywords were as follows: hydroxyapatite, polysaccharides, biopolymers, scaffold, tissue engineering, odontology, osteoporosis, tooth, bone, cell growth, bone graft, and implants.
Access of both articles and patents was realized in May 2017, using the same fields of research and the same keywords for the search of articles. In the case of INPI, we used the words also in Portuguese. The researches of articles and patents were conducted in two ways: with and without time restriction from 2007 to 2017, and the search for products marketed was in September 2017 using the information provided in the catalogs and websites of the companies found in the database.
Results and discussion

Search for articles in the SCOPUS database
The investigation of the number of articles published revealed that the words are being combined, there is a decrease in the number of publications found, and, in some cases, there is no publication related to these words. The results were obtained using the separate and combined keywords such as hydroxyapatite, scaffolds, polysaccharide, doped, cerium, and antibacterial activity are shown in Table 1 .
In Table 1 , comparing the publication time of articles and analyzing the data, with and without time restriction between 2007 and 2017, it was observed that most of the publications are concentrated in this period. This shows that studies on the material have been increasing over the last decade. When using the combination of words such as hydroxyapatite and scaffold and polysaccharide and doped and cerium and antibacterial activity, which are the main keywords for this work, it is noted that no related article was found in the databases researched. The results show the specificity because there are no articles dealing with related words or the themes proposed by this manuscript.
The expression of words such as hydroxyapatite and scaffold and polysaccharide ( When combining the keywords such as hydroxyapatite and scaffold and polysaccharide and doped, two articles were found but only one of these is effectively experimental scientific research; the other is a review. The article entitled "Bioactivation of knitted cellulose scaffolds ) in the treatment against osteoporosis, its anabolic and nonresorptive activity. The material used was in the scaffold form, which was prepared using a HAp doped with Sr 2+ plus doped cellulose composition. The study evaluated the kinetics of Sr 2+ release during static exposure to simulated body fluid to evaluate the precipitation of carbonated hydroxyapatite under conditions that simulate the inorganic part of human blood plasma.
The keywords hydroxyapatite and doped and cerium, which form the starting material for the scaffolds composition, according to the study of the articles found for the combinations (Tables 1 and 2) important information could be verified as method of synthesis, microorganisms used in antibacterial tests. In most of the articles, the goal is to develop a material with antibacterial activity and stimulate the formation of new bone tissues from the synthesis of hydroxyapatite doped with cerium. One of the articles exposes the association of cerium with strontium-doped hydroxyapatite in order to improve biological properties and antibacterial activity. Table 2 shows some of these articles and describes a relationship between the use of the synthesized materials and their applications, and Hydroxyapatite and doped and cerium 24 20 Hydroxyapatite and doped and antibacterial activity 71 70
Hydroxyapatite and scaffold and polysaccharide and It is possible to note that some of these works shown in Table 3 employ studies of the ceriumdoped hydroxyapatite as well as the combination thereof with other metals such as strontium and zirconia and assess their ability to inhibit bacterial. This doping is possible due to the chemical structure of HAp that can accommodate a variety of cationic and anionic substituents. Figure 1 shows the projection of the unit cell (hexagonal) of the hydroxyapatite when projected down the c-axis and shows an OH group in the center of the structure and the position of the two types of calcium cations: calcium 1 (Ca(1)) and calcium 2 (Ca(2)) for a better understanding of how substitution of HAp ions occurs. Ca(1) atoms are located at the ends of a hexagonal unit cell, while Ca(2) atoms are in a more internal position around the OH group. The phosphate group (P) is the largest ion that constructs the unit cells [15] .
The research in the article databases revealed that most of them develop materials for future applications of these in the field of tissue engineering, but there is still a lack of applications of these materials aimed at the field of tissue and biomedical engineering. In other words, the studied materials have the characteristics of inhibition of bacterial growth, but the search showed the nonuse of these biomaterials organized in the form of scaffolds and associated with some polysaccharides.
The four reported articles (Table 3) showed the main objective of doping of HAp and the improvement of its bacteriological growth inhibition properties. Majority of these articles, which aim for this purpose, present the methodologies used for the synthesis and characterization of the materials, and the biological assays are used to investigate the antibacterial properties of these materials. However, they do not elucidate how the mechanism of action of these materials with bacteria works. Source: Authorship (2017). Table 2 . Materials synthesized in the articles and their applications.
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One of the causes that leads to failure of conventional implants is the infection caused by bacteria; therefore, the articles aim to improve the biological properties of hydroxyapatite through doping with cerium. Due to this factor, ion has properties that stimulate the formation of new bone tissue and acts as an antibacterial agent. Bacteria, the main cause of infections, are classified as Gram-positive or Gram-negative depending on the difference in Source: Authorship (2017). Table 3 . Titles and objectives of the articles cited in Table 2 .
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cell wall architecture. The Gram-positive cell wall consists of a thick layer of peptidoglycan, while the Gram-negative cell wall shows more complex membrane structure and composition. Gram-negative has the finest peptidoglycan layer and the outer surface of the cell has a membrane composed of proteins, lipopolysaccharides, and phospholipids called the outer membrane. The space between the peptidoglycan and the outer membrane is known as the periplasmic space; this space presents in some points enzymes and proteins and performs several physiological functions. Figure 2 shows the comparison between the compositions of the cell walls of Gram-positive and Gram-negative [34] . Figure 2 shows that the surface of Gram-positive bacteria is mainly covered by neutral and acidic polysaccharides, a large number of different proteins, theichoic acids, whereas the outer membrane of Gram-negative has an irregular distribution of lipids on the external and internal surface, which the outer face contains all lipopolysaccharides, while the inside face contains most of the phospholipids [35] . Gram-positive bacteria are mostly studied bacteria in the articles, especially Staphylococcus aureus. S. aureus is an exceptionally well-adapted pathogen that can survive under different conditions, without particular nutritional or environmental requirements.
Over the years, infections caused by S. aureus have increased as one of the leading causes of bacterial infections in humans worldwide. In the last few decades, treatment of these infections has become more difficult, mainly because S. aureus develops mechanisms of resistance to the antibiotics used in the treatments [36, 37] . While for the Gram-negative, the most tested was E. coli, which, despite the reduced number in the cause of this type of infection, is a relevant group in clinical practice, presenting a difficulty in its treatment [38] .
Gopi et al. [39] produced nanoparticles of pure hydroxyapatite (n-HAp), hydroxyapatite doped with strontium (Ca/Sr.-HA), hydroxyapatite co-substituted with strontium and cerium (Ca/Sr./Ce-HA) in different concentrations of cerium (0.05, 0.075, and 0.1 mol/L) by using the microwave irradiation method. All the synthesized materials were investigated by Fourier Transform Infrared Spectroscopy (FTIR), X-ray diffraction (XRD), field emission scanning 
electron microscopy (SEM-FEG), energy X-ray dispersive analysis (EDX), high resolution transmission electron microscopy (HRTEM), and thermogravimetric analysis (TGA). The antibacterial activity of the nanoparticles was evaluated against two prokaryotic strains, E. coli and S. aureus, by using the disc diffusion method. The results showed that the Ca/Sr./Ce-HAp sample with the 0.1 mol/L concentration of cerium presented higher antibacterial activity in relation to the two strains tested when compared to HA and Ca/Sr./HAp results. According to Gopi et al. [39] , Ce 3+ was important in increasing the antibacterial activity of the synthesized nanoparticle. In order to evaluate the bioactivity of the samples, they tested using simulated body fluid (SBF) for several days and observed that Sr 2+ and Ce 3+ ions contributed to the formation of apatite. It can be inferred that the synthesized Ca/Sr./Ce-HA nanoparticle can be a promising biomaterial for biomedical applications. In the work of Morais et al. [40] , a composite of hydroxyapatite reinforced with cerium-doped glass (GR-HAp-Ce) was developed. The phases formed in the synthesized material were identified using SEM techniques coupled with energy dispersed secondary (SEM-EDS) and X-ray diffraction (XRD). In addition to the hydroxyapatite phase, the material presented the β-TCP phases, and the authors concluded that the presence of cerium in the GR-HAp-Ce composite provided an effective antibacterial effect against bacteria S. aureus and S. epidermidis, but this effect was not observed for the bacterium P. aeruginosa. In addition to investigating the antibacterial activity, the osteoconductive properties of the material were also evaluated, which was performed using human osteoblastic cells and showed that the addition of cerium did not affect the cellular viability of the material and that it showed good osteoconductive capacity.
Ciobanu et al. [41] synthesized nanoparticles of pure hydroxyapatite and cerium-doped hydroxyapatite (HAp-Ce) in different concentrations in the range of 1-25% (with a 5% variation) using the coprecipitation method and studied their antibacterial property. The effects of the replacement of cerium to calcium on the morphology, purity, crystallinity, crystallite size, and antibacterial capacity of cerium HA-substituted powders were investigated using scanning electron microscopy (SEM) coupled with X-ray analysis (XRD), X-ray excited photoelectron spectroscopy (XPS), infrared spectroscopy (FTIR), and Brunauer-Emmett-Teller (BET) surface area analysis confirming the formation of hydroxyapatite and the presence of Ce 4+ and Ce 3+ ions in its crystal lattice. The doped materials obtained better results of bacterial inhibition indicating that the presence of the ion contributed to the inhibition of bacteria; however, the nanopowders of HAp-Ce were more effective against the E. coli bacterium than against S. aureus. [42] studied the effect of the co-substitution of zirconium (Zr) and cerium (Ce) on the structure of hydroxyapatite (HAp) and fluorohydroxyapatite (FHA) gel. The samples were confirmed by the FTIR and XRD spectra; in addition, it was observed that with the increase of the concentration of the Zr 4+ and Ce 3+ ions, the formation of the HA phase was maintained. Co-substituted materials showed better results of antibacterial activity than pure hydroxyapatite. Materials with higher cerium concentration showed better bacterial inhibition against E. coli and S. aureus bacteria. All the articles studied describe that the presence of cerium ion in the structure of hydroxyapatite improved the antibacterial activity and also gave the material an improvement in bioactivity and may contribute to the formation of new bone tissues.
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Search in the main patents databases
The results of the researches at European Patent Office (EPO), USPTO, and National Institute of Industrial Property (INPI) patents using the separate and combined keywords: hydroxyapatite, scaffolds, polysaccharide, doped, cerium and antibacterial activity are shown in Table 4 .
Using the search keywords in English and Portuguese, it was possible to find patent deposits in the main patent databases. According to the data shown in Table 5 , INPI found 74 patents deposited with the word hydroxyapatite and 10 patents when the word scaffold was used.
For the combination of hydroxyapatite and scaffold, the result of a patent filed with the INPI under number 0905514-2 has been reported. The patent PI 0905514-2 provides a process for the scaffolding of a composite hydrogel biomaterial (CNHAP) based on chitosan (CN) and hydroxyapatite (HA), with potential for application in the medical-dental area, demonstrating the biocompatibility characteristics evidenced by classical in vitro assays. These characteristics are associated to the combination of physical-chemical and biological properties of the materials that compose it. CNHAP was obtained in the form of hydrogel with good mechanical characteristics, easy handling and modeling, high porosity, leading as promising as a bone filling material. The production of the CNHAP composite hydrogel scaffold was performed Hydroxyapatite and doped and cerium 1 0 0
Hydroxyapatite and doped and antibacterial activity 2 0 0
Hydroxyapatite and scaffold and polysaccharide and doped 0 0 0
Source: Authorship (2017). Source: Authorship (2017). by an in situ mineralization procedure of the polymeric hydrogel of CN, by HA. This in situ mineralization method promoted mechanical and bioactivity characteristics to the CNHAP, which is suitable for the medical-dental application.
In addition to biocompatibility, tissue fillers should be able to promote cell adhesion, proliferation, and differentiation, essential requirements for tissue bioengineering, which have been increasingly explored within clinical practice. For the keywords such as hydroxyapatite and scaffolds and polysaccharide and doped and cerium and antibacterial activity, no deposited patents were found. Evaluating the results found, it can be understood that the results show the lack of patent filing implying that this area of research is promising.
In patent searches in the EPO database ( Table 5) , two patent records were found using the expression: hydroxyapatite and doped and antibacterial activity. Using the expression hydroxyapatite and scaffold and polysaccharide, also in the EPO, two patent records were found. Table 6 shows the information about these patents found.
It is important to note that the polysaccharides cited in the patents (Table 6 ) were defined as a molecule composed of two or more molecules of monosaccharide units. Patents report the use of chitosan, hyaluronic acid, chondroitin sulfate, alginate, chitin, dextran, and other natural polysaccharides, which are the ideal extracellular matrix materials for the composition of scaffolds applied in the areas of tissue and biomedical engineering.
The data showed that there is a small amount of number of patents related to tissue engineering; in other words, inventions associated with HAp with polysaccharides for the composition of scaffolds, which is the main theme of this work. In particular, there is a deficiency of biomaterials with antibacterial activity properties associated with HAp, polysaccharides, and scaffolds composition for bone tissue regeneration applications. Some of problems of implant may cause to the recipient organism have been addressed throughout this work, for instance, infectious problems originating from bacteria.
For better consistency to the results obtained, the product present in the market based on tuned hydroxyapatite and polysaccharide was examined. The research by companies specialized in the development and commercialization of hydroxyapatite-based biomaterials with applications in tissue engineering was conducted through search engines.
The searched keywords showed information about companies, products, and formulations. For example, the Brazilian company JHS Biomateriais develops a composite named HAP-91 constituted of porous hydroxyapatite, crystalline, biocompatible, pure, and widely tested as bone graft material and with excellent biocompatibility in living organisms. Besides, it is hydrophilic, and the powder can be used directly as a bone graft or it can be added to the patient's own blood drops.
Another biomaterial developed by JHS Biomateriais is COL.HAP-91. The COL.HAP-91 is a collagen-hydroxyapatite composite spongy (25% collagen and 75% HAP-91), with the hemostatic properties of natural collagen fiber network purified, biocompatible, easy to handle, absorbable, and osteoinductive. Both products are registered with the Ministry of Health from Brazil and have a protected trademark at INPI. Its average market price for these materials ranges from € 22.04 to 23.60 per 1000 g.
The Brazilian company Bionnovation ® , in its product catalog, sells hydroxyapatite bone graft for applications in orthopedic, maxillofacial, and dental surgeries. The hydroxyapatite is synthesized from calcium hydroxide and phosphoric acid, and the product has radiopaque particles of varied sizes that support in the development of bone cells and assists the osteoconduction of bone-forming cells.
The US Company Berkeley Advanced Biomaterials Inc. develops hydroxyapatite, tricalcium phosphate, and other calcium-based products. The company's business focuses on applications in orthopedic surgeries and bone graft. The European company Fluidinova synthesizes nanohydroxyapatite and markets through the nanoMIX ® product. The biomaterial company supplies companies that manufacture medical devices, cosmetics, toothpastes, and other applications.
No material was found available for commercialization when the research was carried out with the words hydroxyapatite, tissue engineering, polysaccharides, and scaffold, even with the two patents deposited in the EPO (Table 4) . However, when it uses the keywords such as scaffold and tissue engineering, companies and products from several countries were found, for example, Atex Technologies Inc. (China), Electrospinning Company (England), Bio-Scaffold International Pte Ltd. (Singapore), GeSiM (Germany), Matricel (Germany), Silkbiomaterial (Italy), ExCel Matrix Biological Devices (P) Ltd. (USA), and Nanofiber solutions (USA). Table 6 shows some materials available on the market, that is, hydroxyapatite-based materials, used in the field of tissue engineering. Also present in the table are the data referring to companies, headquarters, characteristics, application and trademarks of some products on the market.
Conclusion
Analyzing the results, it can verify the use of hydroxyapatite in the areas of tissue engineering and bone regeneration. Many papers and technological innovation patents were found by searching only the keywords such as hydroxyapatite and scaffold. However, the combinations of the keywords mentioned in the experimental session showed that the number of articles and technology innovation patents was reduced. Synthesis of scaffolds is associated with natural polysaccharides or biopolymers due to their high biocompatibility, but the number of articles and patents decreases when it uses the hydroxyapatite and polysaccharides in the scaffold composition. Cerium-doped hydroxyapatite and its association with polysaccharides and biopolymers is an area that is still poorly studied and quite promising. This conclusion is supported by the small number of publications and patents. Therefore, the data presented for patent deposits and published articles show that there are no papers that contain the chosen and all combined keywords. For the use of these types of biomaterials with antibacterial properties, the research studies showed that the bacteria Escherichia coli and Staphylococcus aureus were the most investigated. This is explained considering that the bacteria are more accessible for research; in addition, Staphylococcus aureus is one of the most common agents present in bone infections. In the search for products, corporate brands, and companies in the areas of tissue engineering and bone regeneration, biomaterials that were found in the market used a hydroxyapatite in biomedical applications, bone graft, and composition of cosmetics. As for the association of hydroxyapatite and polysaccharides, no materials were found on the market when using the keywords such as hydroxyapatite, tissue engineering, polysaccharides, and scaffold.
